NOV. 2f. 2008 1 1:36AM EAP&O 617 227 4420 



NO. 7?55~ P. 10' 



REMARKS 

Claims 1 - 12 and 18 are pending in the application. Claims 10 and 13-17 have 
been cancelled. Claims 1. 3 and 18 have been amended. No new claims have been 
added. No newmatter has been added. 

Any cancellation of the claims should in no way be construed as acquiescence to 
any of the Examiner's rejections and was done solely to expedite the prosecution of the 
application. Applicant reserves the right to pursue the claims as originally filed In this or 
a separate application(s). 

Objections to the SpecKcation 

The Examiner has maintained the objection to the specification as containing an 
embedded hyperlink and/or other forni of browser-executable code. 

Applicants have amended the paragraph at page 20, line 1 to remove the 
brov\«er-executable code. 

Rejections Under 35 USC 112, Second Paragraph 

The Examiner has objected to claim 1-12 under 35 USC 112, second paragraph 
as being Indefinite for felling to particularly point out and distinctly claim the subject 
matter which applicant regards as the invention. 

The Examiner has maintained the rejection to claim 3 because of the terminology 
•derived." Applicants respectfully traverse this rejection. 

Without acquiescing to the validity of the Examiner's rejection, and solely in the 
interest of advancing prosecution. Applicants have amended claim 3 to remove the terni 
"derived." Accordingly, there Is no ambiguity to this claim. Applicants respectfully 
request that the r^ection be withdrawn. 

Rejection of Claims 1-9 and 11-12 Under 35 USC 112, First Paragraph 

The Examiner has maintained the rejection to claims 1-9 and 1 1-12 under 35 
USC 1 12, first paragraph, and newly rejected claim 18. as not being enabled by the 
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8pecific5ation as filed. The Examiner reiterates her rejection from the Office Action of 
10/22/07. that 'the specification, while being enabled for a method of reducing or 
inhibiting invasiveness and metastasis of tumor cells expressing Gb3, does not 
reasonably provide enablement for the prevention of Invasiveness and metastasis of 
tumor cells or for a method of reducing or inhibiting or preventing invasiveness and 
metastasis of tumor cells not expressing Gb3." The Examiner argues further that "there 
were two parts to this rejections— the part pertaining to 'prevention' and the part 
pertaining to method of reducing inhibiting or preventing invasiveness and metastasis of 
tumor cells not expressing Gb3." (Office Action, p.3). The Examiner argues that 
"Applicant did not respond to the second part.* (Office Action, p. 3 - 4). 

Applicants respectfully disagree with the Examiner's position. 

Claim 1 has been amended to recite a method of reducing, or Inhibiting 
invasiveness and metastasis of tumor cells in a subject, wherein the tumor cells 
produce Gb3. comprising administering to the subject a therapeutically effective 
amount of a B-subunit of Shiga toxin. 

Claim 18 has been amended to recite a method of preventing, reducing, or 
inhibiting invasiveness and metastasis of colon tumor cells in a subject, wherein the 
tumor cells produce Gbs, comprising administering to the subject a thefapeutically 
effective amount of a B-subunIt of Shiga toxin. 

Again, the Examiner's rejection is based upon an out dated view that cancer 
vaccines do not work. The Examiner relies on art from 1995 and 2O02 to support this 
point and argues that -there is one cancer vaccine on the marker and "just because 
one cancer vaccine works, do not automatically translate to all cancer vaccines 
working." (Office Action, p.6). Again, Applicants point out that cancer vaccines are well 
known in the art for many different tumor types. QARDASIL, a cervical cancer vaccine 
that has been FDA approved and is recommended by the National Cancer Institute for 
all giris 1 M2 years old, is merely one example. At least five different types of vaccines 
in the therapy of prostate cancer patients have been tested in the clinic (see Clin 
Cancer Res Schlom et al. (2007) 13 (13): 3776), a copy of which Is enclosed for the 
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Response to Office Action dated May 23, 2008 60384(71699) 

Examiner's review. The state of the art of cancer vaccines has progressed 
considerably from the outdated references the Examiner dtes in the response. A 1995 
reference is even more outdated in a field that is characterized by rapid technological 
and scientific progress. Applicants again assert that the Examiner's position on cancer 
vaccines is incorrect. 

In view of the amendments. Applicants respectfully request withdraw/al of 

this rejection. 



Rejection of Claims 1-12 and 18 Under 35 USC 103(a) 
The Examiner has rejected claims 1, 3-5, 7-10 and 12 as being unpatentable 
• over the combination of LaCasse et al.(Blood vol. 88 p. 1561 (1996)) in view of iVIarcato 
et al. (Infection and Immunity vof. 70 p.1279 (3.2002) and Strocltbine et a|. (J 
Bacteriology vol. 170 p.1 116). Accession Number 2002:397002. Green (US 
2002/0081307) and Applicant's admission on page 6, lines 1 - 2 of the specification. 
Applicants respectfully disagree. 

As amended, the claims recite a method of reducing, or inhibiting invasiveness 
and metastasis of tumor cells in a subject, wherein the tumor ceils produce Gb3, 
comprising administering to the subject a therapeutically effective amount of a B-subunit 
of Shiga toxin. 

The present invention is based on the discovery that giycosphingolipid (GSL) 
globotriaosylceramlde (Gb3) is a marker for potentially invasive and metastatic human 
colon cancer cells, and that Gb3 expression turns non-invasive epithelial cells into 
invasive ones, and that Shiga toxin 1 B-subunit can selectively kill tumor cells. 

Applicants clearty teach that Shiga toxin represents a broad class of so-called 
AB5 bacterial toxins and that Applicants have chosen Shiga toxin 1 B-subunrt for use 
in the Invention as claimed. For example, at page 6, beginning at line 30. Applicants 
teach that there are a number of Shiga toxin variants and subunits: 
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The sequences of numerous Shiga toxin variants and 
subunits are known in the art, For example, the Shiga toxin 1 
B-subunit from the E. coli 0157:H7 strain is set forth in 
GenBanl< Accession Nos. 32400300 and 32400303, the 
Shiga toxin 2 B-subunit from the E. coli 0157;H7 strain is set 
forth in GenBanl< Accession No. 13359150, the Shiga toxin 1 
A-subunit is set from the E. coli 0157:H7 strain is set forth in 
GenBanl< Accession Nos. 32400299 and 32400302, and the 
Shiga toxin 2 A-subunit from the E. coli 0157:H7 strain is set 
forth in GenBank Accession No.1 571 8405. 

The LaCasse reference does not teach or suggest all the limitations of the instant 
claims. In particular, th© LaCasse reference does not teach or suggest a method of 
reducing, or inhibiting invasiveness and metastasis of tumor cells in a subject, 
wherein the tumor cells produce Gb3, comprising administering to the subject a 
therapeutically effective amount of a B^ubunit of Shiga toxin. 

The LaCasse reference is directed to the use of shiga like toxin (SLT-1) in human 
bone marrow (BM) purging. LaCasse uses Shiga Like Toxin (SLT-1) which "kills cells 
by inhibiting protein synthesis." (p.l561). The purpose of the study described by 
LaCasse "was to establish the potential of a natural toxin (SLT-1) in purging B-cell 
lymphomas from BM." (p.i 563). LaCasse reference is directed only to the use of SLT- 
1 in BM purging and provides no teaching or suggestion for the use of SLT-1 in 
reducing, or inhibiting invasiveness and metastasis of tumor cells fn a subject. 

The Examiner has indicated that the LaCasse reference teaches "treatment of 
human B cell lymphoma using Shiga toxin 1." (Office Action, p.7). The Examiner 
argues that LaCasse "also discloses that the toxin was administered after the cancer is 
present." (Office Action, p.e). The Examiner further argues that "on page 6 of the 
specification, applicant admits the toxins are known to bind to Gb3 expressing cells, 
therefore it is expected that the cells of the reference are GbS expressing cells." (Office 
Action, p.7). The Examiner admits that LaCasse et al. "do not disclose the use of the B 
unit of Shiga toxin 1 or 2" and that "l^arcato et al discloses that it Is the B subunit of the 
toxins (either Shiga toxin 1 or 2) that are responsible for the toxicity." (Office Action 
p.7). 
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The Marcato reference does not cure the defects of the LaCasse reference. 
Nowhere in the Marcato reference is there teaching or suggestion of a method of 
reducing, or inhibiting invasiveness and metastasis of tumor cells In a subject, 
wherein the tumor cells produce Gb3. comprising administering to the subject a 
therapeutically effective amount of a B-subunit of Shiga toxin as claimed. 

The Marcato reference is directed to use of the cloned shiga toxin B (Stx2 B) 
subunit to induce apoptosis in Burkitt Lymphoma B-cells. Nowhere does Marcato teach 
inhibiting invasiveness and metastasis of tumor celis in a subject. Further, the Marcato 
reference teaches that "unlike the two holotoxins, Stx2 B subunit mediated apoptosis 
does not involve inhibition of protein biosynthesis." (Abstract, p.1279). This is different 
from SLT-1. which LaCasse teaches kills cells by inhibiting protein synthesis. Given the 
art recognized difference, one of skill in the art would not be motivated to use SLT-1 in ' 
place of StxB. Therefore, the teachings of the cited art, when combined, do not result in 
the claimed invention. 

Accordingly. Applicants request that the rejection be withdrawn and the claims 
allowed. 
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CONCLUSION 



vievy of the above amendment, applicant believes the pending application 



is in condition for allowance. 



Dated: November 21, 2008 




larks, Ph.D. 



^Registration No.: 53,624 
EDWARDS ANGELL PALMER & DODGE 
LLP 

P.O. Box 55874 

Boston, Massachusetts 02205 

(617)517-5543 

Attorneys/Agents For Applicant 
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Cancer Vaccines: Moving Beyond Current Paradigms 

Jeffrey Schlom, Philip M. Arien, andJames L. Gulley 



Abstract' 



The field of cart6ervapc>nes IS eurren#,ro an aQ(l,/6 state of pffseliDlbalartd clinical inveaigations. 
Althoush n,a therapeutic ca-nc^r'va<5cine h-as to date been approved by th& Foad and Drug 
Admimstratioa savers! Hew. paradigms sre. emergrng ftom tecerrt clinrcai findirigs both in m 
use Of cQHibirimiontterwapprqaches ami. perhaps mdr« iWonaatly, in fillnicaf trial .fesigt, 
ahd end point analyses this article will r&view recent clitilpaC trials irwolvfng several different 
cancer yacones from^^hich data ar* emeraing coritrastJng classic "^Urtior respoase- (Response 
Evaluation Criter/a In Solid Tumofs) criteria with "patient response" in t^e r,anrfestation of 
increased patient survival post-vacclne therapy. Also described are several strategies in which 
cancer vaooines csn be exploited In tsomblnation ^Artth other agents and therapeufio modalities 

therapies. mis is mdst 

Jke^y duetothephferromenftthat {a) uanra.t v^ectnesfoitiaie a-dynffmic imrr*line process 
tiiat can be exploited >n subspqueht therapies and, (fi) bojh radis^on and' certain chembtHer- 
apeut^ agents have bms shown to-altef the pheno^yp^ pf tumor iefe as-to rfei^tierThfem moVe ' 
•susceptible toT,cri(-r»6drated feWiop..Cbnsequ^tly;eyidenc;&-t*-eiViafalfiB fitom seyeraf-stucfies.. 



The field of cancer vaccines is currendy in a state of active 
preclinical and clinical investigations. Although no therapeutic 
cancer vacdne has been approved to date by the Food and Drug 
Administration, recent preclinical and clinical findings have 
shown that appropriate clinical trial design and end poinis, and 
the use of vacdnes in new paradigms of combination therapies 
may well lead to cancer vaccines ultimately being used for the 
therapy of several cancer types. 

Cancer vacdnes differ from other therapies in that they 
initiate a dynamic process of activating the host's own immune 
sy6tem. This process could potentially influence both how 
patient responses are evaluated and how responses to sub- 
sequent therapies post-vacdnation are evaluated. 

Fvafuatron of Cancei- VacQine^riNfew Paradigms 
tor Re^pbrj^es tQ Therapy 

' — ' *. • 

It 15 proposed that cancer vacdnes are a therapeutic modality 
where one should evaluate "patient response" more so than 
tumor response." The two phenomena are not always 
mutually inclusive. Sxandardiaation of response criteria is 
of course critical for any given dinical iiial, but orie must be 
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aware that the use of only one criterion for all therapeutics, 
cancer types, and disease stages can be dassic "paradigm 
paralyBis." Response Evaluation Criteria in Solid TXimors 
(RECCT; refs. 1, 2) has served the oncology community well 
in the evaluation of passive therapeutic modalhies. such as 
chemotherapeutic agents and radiation therapy. With ihc 
advent of new targeted therapies, induding cancer vacdnes, 
however, the sole use of RECIST criteria as a cUnical end point 
has now been called into question by, among others, several 
Cooperative Groups (2^5). An excellent example of this has 
been m the evaluation of sorafenib in dinical trials of patients 
with advanced renal cell cardnoma. In a randomized, placebo- 
controlled phase III trial involving 903 patients, progression- 
free survival doubled from 1 2 to 24 weeks {P < 0.00001) for 
patients on sorafenib. At 3 months, the response rate (partial 
response) was 10% with <io/o complete response fl of 4Si) 
usmg RECICT aiteria (6). Another example of this phenome^ 
non IS m the evaluation of imatinib in patients with gastro- 
mtestinal stromal tumor (7). The converse of this phenomenon 
is also etndem as seen, for example, in a trial in patients with 
metastatic lenal cell cardnoma. A total of 306 pariems were 
randomly assigned to high- versus low-dose interleukin (IL)-2 
therapy. Tliere was a higher response rate using RECIST criteria 
[with more toxidty) in ihe high-dose (21%) versus the low- 
dose (13%) IL-2-treated cohorts (P =- 0.048). However, thei« 
was no statistical difference in overall survival between the two 
groups (8). It is dear from these results and othera that REQSr 
criteria do not always adequaicly assess patients' clinical benefit 
(Le,, survival and quality of life). 

. ^ ^^<jfcontmts. The paradigm shift in analysis of din- 
xcal benefit ftom immunotherapy is exemplified in comparing 
resuks using vacdnes versus adoptive transfer of T cells (9) 
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Dramatic tumor size reductions satisfying RBClST criteria have 
been observed in the elegant studies with adopu've transfer of 
T cells (10-12). Unfortunately, ho\vever, in the 20+ years of 
reporting these types of responses, no randomized trial has 
shown a statistical advantage in survival in patients receiving 
adoptive transfer of T cells over that ^een with lL-2 alone 
(13-15). In contrast althoueh few responses satisfying RECI5T 
were seen in vaccine tiials, this article will review several recent 
trials tvhere advantage in survival is being observed. Other 
contrasts are the reduced toxidiics seen in vacdne therapy plus 
the potential for combination therapy, as will be discussed 
below. 

Vaccine CUnicarTriafe . " ' 



A prior reviev^ (16J listed 21 dinical trials in which a range 
of different cancer vaccines provided some evidence of clinical 
benefit in different patient populations. This artide will review 
more recent dinical findings using five different types of 
vaccines in the therapy of prostate cancer patents. Prostate 
cancer is a disease weU suited for the efficacy of vaccines for 
several reasons: (a) it is a relatively slow growing tumor, (b) 
recurrence is often diagnosed early in the disease state, (c) 
there is a surrogate marker for disease prognosis and outcome 
[i.e., senjm prostate-specific antigen (PSA) doubling timc^- 
refs. 17, 16], and (d) after defmitive primary theiapy (surgery 
and/or radiation), there are few odsdng 'standard of care 
therapies thai achieve long-lasting therapeutic effects. 

CelUbased vaccines. One of ihesc prostate cancer vacdnes is 
Sipuleucel-T (i.e., Provenge, Dendreon, Inc.), which consists of 
autologous antigen-presenting cells and a fusion protein 
composed of prostatic add phosphatase and granulocyte 
maaophage colony-stimulating fecior (19). Early phase 1/11 
trials showed increases in T-cell responses to the vacdne 
antigen, semm PSA dedines in patients, and limited toxidty. 
A placebo-controlled randomized phase 111 trial in patients 
with metastatic asymptomatic androgen-independent prostate 
cancer using Sipuleucel-T has been reponed recently (1^). 
Patients were randomly assigned in a 2:1 ratio to recede 
vacdne (n - 82) or placebo (n = 45). The primary end poim 
of this study, which was progression-free survival, did not 
achieve statistical significance (J? = 0.052; Fig. lA), Overall 
survival, however, was statistically significant (hsuiard ratio, 
1.70; P • 0,01) between vaccine (25.5 months) versus placebo 
(21.4 months; Fig. iB). A second randomized trial with 
Sipuleucd-T in this patient population showed a trend toward 
mcreased survival (15) months for vaccine versus 15.7 months 
for placebo) that did not reach statistical significance Thirty- 
six-month survival was 32% for vacdne-treated patients versus 
21% for placebo-treated patients. The integrated analysis of 
both of these randomized trials, vacdne [n » 14?) versus 
placebo (« = 7fi), showed a statistically significant incime in 
overall survival (hazard ratio, 1.5; P « 0.01 1) in vacdne-treated 
patients. Thiity-sk-monih survival was 15% for placebo and 
33% for vacdne. Hie survival advantages seen in these trials, as 
well as those described below, were obtained with little or no 
evidence of objective" responses using RECIST criteria. Aphase 



in clinical trial using the Sipuieucel-T vacdne is currently 
ongoing using survival as a primary end point. 

GVAX is another prostate cancer vacdne in advanced dinical 
trial testing, GVAX (Cell Genesys, Inc.) consists of two 
irradiated allogendc prostate cancer cell lines engineered to 
secrete granulocyte macrophage colony-stimulating faaor 
(20, 21). Two phase II dinical studies have now been com- 
pleted in patients with asymptomatic metastatic androgen- 
independeni prostate cancer. In the first trial (n ^ 34), GVAX 
was given at rvvo dose levels. Decreases in PSA vdocity were 
seen in 67% of patients given low-dose vacdne (n = 24) and in 
00% of patients gi\'en high-dose vacdne {n ^ 10). This 
correlated ^vith survival results, with a median survival of 
24.0 months in the low-dose vacdne group and 34.9 months 
in the high-dose vacdne group. A second phase 11 trial in 
the same patient population (n = 80) used five vaccine dose 
levels: nvo low-dose (n 33). one intcrmediate-dose (n =. 25), 
and tivo high-dose (n = 22) cohorts. The median survival of 
patients in the low-dose and middle-dose cohorts was 23.1 and 
20.0 months, respectively. The median survival of the high-dose 
cohorts has not yet been reached but will be ^29.1 months 
(Fig. 2). Predicted survival was estimated for each patient using 
a nomogram; tiie median measured survival was >6 months 
longer than tiie predicted survival for the high^iose cohorts, 
tliere were no dose^limiting toxicities in either trial. These 
results have formed the basis for two Ongoing phase HI trials, 
with overall survival as the primary end points. 

Another wholc-wmor cell vaccine for prostate cancer is also 
showing promising dinical results. Onyvax-P vacdne (Onyvax 
Ltd.) consists of three irradiated allogendc prostate cdl lines, 
the first two vacdnations given witii Badllus Calmette-Guerin 
(BCG). A phase 11 Onyvax-P trial has now been completed in 
androgen-independeni prostate cancer patients (22). Eleven of 
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26 patients showed statistically significani prolonged deaease 
in thdr PSA velocity with no patient having a statisUcally 
significant mcrease in PSA velocity post-vaccination. Meantime 
to tumor progression was 58 weeks compared with recent 
studies of other agents and historical control values of -28 
weeks. Immunologic profiles by artificial neural network anal- 
ysis of cytokines correlated with PSA velocity responses. A muV 
ticenter phase lib trial i^?ith Onyvax-P is oinently tinder way. 

y&ctOT^bas&d vacdnEs. There have aho been several trials 
with poxviral Vector-based vaccines with evidence of clinical 
benefit. Pox viruses (vacdnia (rV-), Modified Vaccinia Ankara 
(MVA), and fowlpox (rF-)) have the ability to accept and 
express multiple u-ansgene^f and can thus be engineered to 
ejcpress not only tumpr-assodated antigens but also various 
immunostimulatory molecules. TG4010 (Transgene) is a 
recombinant MVA expressing both MUC-l tumor antigen and 
lL-2, MVA 18 a replication-incompetent vaccinia vims. A 
randomized phase II study has been completed with MVA- 
MUC-l-lL-2 in prostate cancer patients with biochemical 
progression and no evidence of metastatic disease after local 
therapy [23). Patients were vacdnated every week for 6 weeks 
and then evexy 3 weeks in arm I and every 3 weeks in ami II 
Twenty-seven of 38 (71%) patients had lengthened PSA 
doublmg time after vacdnation. A statisticaDy significant 
mcrease (P < o.OOl) in PSA doubHng time (mean increase. 
3.8-fold) was observed in arm I, providing evidence that 
vacdne dose scheduling can be an important variable. 

In a phase I smdy with recombinant vaccinia in prostate 
cancer patients, rV-PSA was administered to 33 patients with 
biochemical progression after local therapy or with metastatic 
disease (24). PSA levels in 13 of 33 men became stable for at 
least 6 months post-vaccination. Nine patients remained suble 
^}^ ^ remained progression-fiee with 

stable PSA. At the time of publication, several patients 
remained without evidence of clinical progression for up to 
21 monAs. A National Cancer Instimte- sponsored Eastern 
Cooperwive Oncology Group randomised phase U trial was 
then earned out using iwo different PSA pox veaors in 



different prime/boost regimens: rV-PSA(V) and/or rF-PSA(F) in 
patients (n = 64) with biochemical progression after local 
therapy for prostate cancer (25). At the 2-year fonow-up (26) 
median time to PSA and/or clinical progression xvas 9 2 
months m the FFPF cohort 9.0 months in the FFFV cohort 
and IS months in the VFFF cohon. The National Cancer 
instimte has now developed rV- and rF^ veaors containing ihe 
transgenes for PSA and three human cosiimulatoiy molecules 
(B7.L mtercdlular adhesion molecule^, and l>7nphocyte 
ftinction-associated antigen-3, designated TRICOM; ref. 27) 
Recent phase I/II trials in patients with metastatic and locally 
advanced prostate cancer have shown clinical responses and 
drops m serum PSA (28). A company-sponsored muldcenter 
randomized phase l\ study jn 125 patients with metastatic 
androgen-independent asymptomatic prostate cancer did not 
meet its primary end point of progression-free survival (2<)). 
Panenis^ oi^erall survival data are currently being accumulated, 
with provocative results. Median overall survival thus far is 
16.3 months for the control cohort (wild-type veaoi; n = 41) 
versus 24.4 months for those patients receiving PSA-TRICOM 
vaccines (n =84; Fig. 3). 

This article has detailed vacdne trials in prostate cancer as 
one example of the progress being made ia dinical vacdne 
therapy. Ongoing progress in pancreatic cancer, lymphoma, 
melanoma, lung cancer, and other tumor types is also 
providing evidence in dinical trials of vacdne efficacy. 

TrimOdSigH. 

There is dinical evidence ihat the ability to mourn an 
immune response to vaccine can be altered by prior chemo- 
therapy. Studies in patients with metastatic cancer showed (30) 
that there was a negath;€ correlation between the number 
of previous chemotherapy regimens and the magnitude of 
T-cell response to vacdne (P = 0.032). This same study also 
showed a positive correlation benveen the magnitude of a 
T-cell response to vacdne and time since la^t chemotherapy 
regimen (P « 0.005). Thus, patients who had rece^ed more 
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cycles of prior chemotherapy or who had received chemother- 
apy more recently were shown to mount less effective immune 
responses to vacdne. 

Mdw Paradigms for dontt^iiiatiofiTTiB^ , , ' i 

There are five different strategies of combination therapies 
thgt can and are being used with cancer vaccines. All 
have been validated in preclinical models and several have 
provided preliminary evidence of dlnical benefit As the 
field manjres, progress in diis area will undoubtedly be 
accelerated. 

(a) Conventional comhiTiation therapy. In many cases of 
combination therapies using two or more chemothexapeutic 
agents or a chcmotherapeutic agent and a tareeted therapy 
(e.g., Herceptin and docetaxel), each agent works individually 
with the goal of additive antitumor effects. This too has 
been shown in numerous preclinical models using vaccines 
in combination with chemotherapeutic agents. Both preclin- 
ical and early clinical studies have highlighted the following 
important phenomena: although vacdnes are less eifeciive 
m patients heavily preireated with chemotherapy before 
vaccina no detrimental effeas in immune responses to 
vacdnes have been seen in patients when vaccine is given 
in combination with certain chemotherapeutic agents, such 
as 5-fluorouradl and docetaxel (31, 32). For example, in 
preclinical studies, it has even been shown that the cydooxy- 
genase-2 inhibitor cdecoxib, an established anti^inflammatoiy, 
had no adverse effect on immune responses to vaccine and 
worked well in combination with vacdne to enhance 
antitumor eifecis (33). 

(b) Vaccine in comhimition with agents that affect the host 
imm\me systenu There now exist a plethora of reagents that can 
be used in combination widi vacdnes that act either as immune 
stimulatits/adjuvants or inhibitors of immime regulatory cells 
or molecules. This phenomenon has been shown in multiple 
prcdinical models. A major issue at this time, however, is diat 
only a few of these agents have been approved by the Food and 
Drug Administration; sadly, there is still hesitancy on the part 
of many companies to use proprietary agents of another 
company to enhance their agent's efficacy. 

CytoJdnes are well established for their abiUty to enhance 
immune response (see ref. 16 for review). As examples: 
granulocyte macrophage colony^stimulating faaor (Food and 
Drug Administration approved) has now been shown in 
numerous dinical trials including several described above to 
enhance vacdne efficacy. 11^2 may not be as useful as dioughi 
due to its toxicity, its ability to induce apoptosis in aaivated 
T cells, and/or its ability to enhance regulatory T-cell activity. 
11-15 and JL-7 boih have the potential to be useful with 
vaccmes in enhandng memory T-cell responses. Other immune 
stimulants, such as BCG, CpG motife, and Aldaia, are also 
currently being used clinically with vaccines (see itC 16 for 
review). 

One agent that is showing promise in patients with 
melanoma, ovarian cancer, and prostate cancer is the mono- 
donal antibody anti-CriAr4 (34-37). Although the exact 
medlanism by which this agent works with vacdne has never 
been shown dinically, preclinical smdies have dearly shown 
that and-CrtA-4 renders higher avidity antigen-spcdfic T cells 
when used with vacdnes (38). 



Still another paradigm lo be eicploited in the therapy of 
prostate cancer is the phenomenon that androgen deprivation 
therapy can enhance thymic regeneration. An elegant dinical 
study (39) has shown that biopsy samples of patients' prostates, 
post-androgen deprivation therapy versus pre-androgen depri- 
vation therapy, have a substandal increase in CD3 T cells 
infiltrating their prostate. Tkis can also be exploited in future 
vaccin^androgen deprivation therapy combination approaches. 

Ii has become apparent from numerous predinical studies 
and recent clinical studies that the control of immune 
• inhibitory entities will play an important role in vacdne- 
mediated therapies. Predinical and clinical smdies have shown 
that the use of Ontak, a fusion protein consisting of diphtheria 
endotoxin and 1X^2, can kill CD4/CD25/FOXP3 regulatory T 
cells and enhance vacdne efficacy in indudng greater T-cell 
responses (40). Ttie chemotherapeutic agent Cytoxan (cyclo- 
phosphamide) has been shown in predinical smdies to 
enhance vacdne efficacy. Cydophosphamide reduces not only 
the number of regulatory T cells but also their functionality 
(41, 42). As the field matures, dinical application of agents 
diat inhibit immunosuppressive molecules, such as trans- 
forming growth faaor-3 and lL-10, uill more likely also add 
to vaccine effectiveness. 

(c) Multiple vaccine therapies. This approach may ultimately 
prove advantageous because (a) different types of vacdnes can 
augment different arms of the immune system, (b) each vacdne 
can cany different mmor-associated antigens, and (c) limited 
tosidties have been associated with vacdne therapy, Efificacy 
of this approach in dinical trials has been observed in cancer 
patients who have received a recombinant (r) tV-prime (V) and 
multiple fowlpox (F) boosts (25, 26). As the field matures, 
It IS antidpated that more diverse vacdne combinations will 
be used- 

(d) Dose sch^uling of vaccine with Other therapies. Perhaps 
the most unique feature of cancer vaccine therapy is the ftct 
tiiat a vacdne initiates a dynamic process of host immune 
responses that may be exploited in subsequent therapies. There 
are now several dinical studies that have provided evidence 
of thb phenomenon. 

In a phase 1 smdy, 17 patients with advanced stage prog- 
resswe cancer received a plasmid/miaopartide vaccine directed 
against cytochrome /'4501B1. Most patients who developed 
immunity to vacdne, but required salvage therapy on prog- 
ression, showed marked responses to their next treatment 
regimen, most of which lasted >1 year (43). In another smdy 
(44), 25 patients with extensive suge small-cell lung cancer 
received an adenO'p53 vacdne. A high rate [61.m) of objeciive 
dimcal responses was observed to chemotherapy that imme- 
diately followed vaccine therapy, and these dinical responses 
were also dosely assodated with induction or augmentation of 
immime response to vacdne. 

Three randomized dinical trials in prostate cancer also 
provided evidence of this phenomenon. Hxe National Cancer 
Institute has now completed studies with a diversified prim^ 
boost strategy involving priming with rV-PSA + rV-B7.1 
followed by rF-PSA booster vaccinations. In the firat trial 
28 patients with metastatic androgen-independent prostate 
cancer were randomized to receive vacdne alone or vacdne 
plus weekly doceiaxel (31). Patients on the vacdne ann alone 
were aUowcd to cross over to receive docetaxel at time of 
progression. After vacdne, median progression-free survival on 
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docetaxd was 6.1 months compared tvith a progression-free 
survival of 3.7 months with the same docetax£l regimen and 
patiem population at xhe same institution. Similar findings 
were observed using the 5ipuleucel vaccine (45). In the 
randomized multicenter Sipuleucel smdy described above, 
patients in both the vaccine arm (« = 51) and placebo arm 
[n - 31) went on to receive docetaxel at progression, There 
was a fiirilcing and statistically significant (hazard ratio, 1.5)0; 
P = 0.023) increase in overall sur^oval with docetaxel treatment 
in patients having had prior vaccine versus placebo (Fig. 4). 

In another phase II trial ai the National Cancer Institute (46), 
42 patients ivith nonmetastatic androgen-independent pro- 
state cancer and rising serum PSA were randomized to receive 
either vacdne (rV-PSA/rV-B7.1 prime and rF-PSA boosts) or 
niluiamide, an androgen receptor antagonist. After 6 months, 
patients with a rising PSA were allowed to "cross over" and 
receive a combination of both therapies. Median time to 
ncatment failure was similar in the vacdne (9.<> months) and 
androgen receptor antagonist (7.6 months) arms. However, 
for the patients who first received vacdne and then went on 
to receive vaccine plus androgen receptor antagonist, time to 
treatment failure was 13.9 months from the time of injxiation 
of androgen receptor antagonist and the time to treatment 
Mure from the initiation of any therapy was 25.9 months. 
Of the initial randomised population [n = 21 per cohort), 
for those patienxs who received nilutamide fiist (nilutamide 
alone or mlutamidc and then vaccine), 5-ycar overall survival 
was 3B% versus a median overall survival of 59% for those 
panents who received vacdne first (vaccine alone or nilutamide 
plus vacdne; Hg. 5; ref. 47). 

All of the above trials have provided evidence of the same 
phenomenon: patienxs who receive vaccine (and mount 
immune responses to vacdne If monitored) have enhanced 
outcome 10 subsequent therapies. This is unlikely due to 
patient population sdeciion because three of ihcse nials • 
descnbed were randomized. TTiis phenomenon may be due 



to one or more fiactors: the subsequent therapy {a) may be 
reducing suppressor cell populations, allowing for enhance- 
ment of prior estabUshed T-oell responses, (fr) may be lysine 
some mmor cells that are then, as a consequence of cross 
priming, activating relatively dormant T cells to elidt an anti- 
tumor response, (c) may enhance host T-cell activity, and/or 
{a) may alter the phenotype of tumor cells (see below). 

(&) Phenotype alterations in tumor cells. Sdll another ne^v 
paradigm to exploit in vacdne combination therapies is the 
phenomenon that certain standard of care therapeutics can 
actually alter the phenotype of tumor cells to render them more 
susceptible to T-cell -mediated lysis. This has been shown in a 
senes of preclinical studies (48, 49). Sublethal doses of 
radiation delivered via external beam have been shown to 
up-regulaie tumor-associated anugeiis, fes. and/or adhesion 
molecules and/or down-regulate antiapoptotic genes, subse- 
quently rendering these phenotypically altered tumor cells 
more susceptible to antigen-spedfic T-cell - mediated lysis. 
Chemotherapeutic agents, such as S-fluorouracil (50), dsplatin, 
and gemdtabine (4S), have also been used in sublethal doses 
mdudng similar alterations of rumor cell phenotype and 
subsequent susceptibility to T-cell- mediated lysis. This may 
ultimatdy lead to another paradigm shift m vacdne combina- 
tion therapies (i.e., when a patient does not respond to a drug 
or radiation therapy due to its lade of ability to lyse mmor cells, 
It may continue to be used with vaccine therapy due to its 
abiUty 10 augment vaccine-induced T-cell lysis of tumor). 

Several clinical studies have reported statistical conrelations 
between arxiigen-specilic immune responses to vaccine and 
patient benefit \vhereas others have not. These findings may be 
confounded by several phenomena: (a) the vast majority of 
studies have ejcamined only T-ccll or antibody responses in 
blood, which may not always correlate xvith their presence in 
tumor, and this may vary with tumor size, vasculature, etc.; (h) 
few smdies, if any, have taken into consideration the presence 
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of regulatory T ceUs and/or have analyzed raultipk immune 
cell subsets (eg., CD4, and natural killer responses from 
a given patient population); [c) virtually all studies have 
measured ihc level of antigen-specific T cells, but few studies 
have monitored avidity of atitigen-spedfic T-cell subsets (51) 
which is, perhaps, the most imporiam variable to measure; 

{d) it has become apparent from preclinical studies 
that the more important antigen-specific T-cell subsets to 
moiiiior may not be those directed to the antigen in the 
vacdne. As a consequence of inidal namor cell disruption by 
vacane-hiduced cj^tolyUc T cells, cross priming will lead to the 
generation of T cells dircaed against other tumor-assodated 
antigens. Predinical studies (49) have shown that diese 
"antigen cascade" T cells can be of greater magnitude and 
greater avidity than those directed against the antigen in the 
^-acdne and are those that are prindpally responsible for tumor 
cure. Clinical studio (52-54) have also shovm this phenom- 
enon of "antigen cascade.'' 

Mew Vaccine Strategf bs; Mew "fevgets, iMevy 
Paradigms 

This article has revie^ved only a fevv of the vacdne vehides 
that are currently being used with evidence of clinical benefit- 
allogeneic svhole-iumor cells, peptide- or protein-pulscd 
antigen-presenting cells (induding dendritic cells), recombi- 



nant DNA and mal veaors, and recombinant Sacchannmces 
(yeast) are all currently in active dinical trial development. 
Moreover, there are a plethora of newly defined potential 
tumor-assodated targets thai are ripe for cancer vacdne 
development, induding those involved in the neoplastic and/ 
or tumor progression processes. M the iteJd of cancer vacdne 
therapy matures^ long-term safety profiles of several of these 
agents viill most likely be realized. At that juncture, vacdnes 
may well also be used in neoadjuviant sctiingjs and in certain 
preneoplastic conditions. 

Skeptidsm is an important component of the sdemific 
process and it should be an integral component in the 
development of any potential new therapy. Many are veiy 
much aware, for instance, of those skeptics and "naysayers" 
who, for a decade, dismissed monodonal antibody- mediated 
cancer therapy (there are now seven monodonals approved for 
cancer management). Hiis too may well be the case for cancer 
vacdnes. Although skeptidsm is important, there are also those 
who realize the need for paradigm shifts in both exploiting 
vaccine combination therapy and analysis of patient benefit in 
terras of survival (with minimal toxidty) as the appropriate 
clinical trial end point. 



We Jhank Debra Welngancn tor hgr asafstance in the preparation This article. 
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